Oral antiretroviral preexposure prophylaxis (PrEP) has been shown to decrease human immunodeficiency virus (HIV) incidence in studies of men who have sex with men, heterosexual men and women, and injecting drug users. One study of pericoital tenofovir gel demonstrated that it reduced HIV incidence in South African women. However, other studies of African women failed to demonstrate protection with either oral tenofovir or tenofovir-emtricitabine, or daily tenofovir gel. The magnitude of PrEP protection appears to be highly correlated with medication adherence. New studies are evaluating whether different antiretrovirals, including dapivirine, rilpivirine, maraviroc, and new integrase inhibitors. Different formulations are also being evaluated, including gels, films, vaginal rings, and injectable medication. Although PrEP efficacy has been demonstrated, and several normative bodies (eg, the US Food and Drug Administration) have approved PrEP for clinical use, uptake has been slow. Reasons may include lack of sufficient provider and consumer education, residual concerns about costs, potential long-term toxicities, and behavioral disinhibition. Additional work is under way to determine how to best educate consumers and providers about optimal adherence and to use PrEP in conjunction with risk mitigation.
The HIV Prevention Trials Network (HPTN) 052 study was the first randomized controlled trial to demonstrate that early initiation of antiretroviral therapy decreased human immunodeficiency virus (HIV) transmission from HIV-infected individuals to their uninfected partners [1] . However, despite the 96% decrease in transmission seen in HPTN 052, some have expressed concerns that relying on treating all people living with HIV to arrest the epidemic will not yield short-term benefits [2] . The reasons for that include the fact that there were very few men who have sex with men (MSM) and injecting drug users in HPTN 052, so the full magnitude of the effect is not fully understood. Moreover, in the United Kingdom and Denmark, despite widespread access to medication, HIV incidence has not decreased [3, 4] . Moreover, only about a third of people living with HIV across the globe are currently on treatment, so full access will take years [5] . Additionally, not all individuals who are living with HIV may want to initiate treatment when they are asymptomatic and have high CD4 counts, and some individuals may equate initiation of treatment with an expectation that they have more advanced disease [6] . Globally, the majority of people living with HIV are unaware of their status; thus, initial efforts for treatment as prevention will have to focus on getting more individuals tested and linked to care, but population-level virologic suppression may take a considerable amount of time and resources. Moreover, HIV stigma continues to limit willingness to disclose [7] . The ability of preexposure prophylaxis (PrEP) to prevent new HIV infections should not be seen a substitute for wider access to treatment for people living with HIV, but may be a helpful adjunct to slowing epidemic spread if clinicians and public health officials can identify those individuals who might be most likely to benefit from PrEP [8, 9] .
Current Status of PrEP
As of early 2014, there have been 6 efficacy trials of antiretroviral PrEP, with 4 demonstrating significant benefit in diverse populations. The iPrEX Study ("Iniciativa Profilaxis Pre-Exposicion" in Spanish) followed MSM and transgender women in North and South America ("Iniciativa Profilaxis Pre-Exposicion" in Spanish) as well as Thailand and South Africa and demonstrated a 42% overall efficacy [10] . The Partners PrEP [11] and the tenofovir disiproxil fumarate 2 (TDF2) [12] studies followed heterosexuals in sub-Saharan Africa, with the former focusing on discordant couples and the latter on individuals who did not enroll with infected partners. Both studies demonstrated efficacy for men and women with a 75% decrease in HIV incidence among individuals randomized to tenofovir-emtricitabine in Partners PrEP (and 67% decrease in HIV incidence among those randomized to tenofovir alone), and 62% efficacy for participants enrolled in TDF2). A more recent study among injecting drug users in Thailand demonstrated a decrease in HIV incidence of 49% percent [13] . However, 2 other studies, FEM-PrEP and the VOICE trial, did not demonstrate efficacy in any of the active intervention arms, which included tenofovir-emtricitabine in both FEM-PrEP [14] and VOICE [15] , as well as oral tenofovir alone and tenofovir gel in VOICE. The VOICE gel findings were surprising, given that an earlier study of pericoital topical tenofovir gel, the CAP-RISA-004 study, demonstrated a 39% decrease in HIV incidence among women randomized to use the antiretroviral gel [16] .
The common thread in all the studies was that overall adherence, as measured by drug detectable in the blood, ranged from 82% in Partners PrEP to <30% in FEM-PrEP and VOICE, and that the efficacy in each of the trials was a direct function of the overall level of medication adherence in the study populations. Subsequent calculations in iPrEX found that individuals who had drug detected in their blood had a 92% decrease in HIV incidence compared with a demographically matched group of those who seroconverted [17] . Similar findings were noted in Partners PrEP and TDF2, whereas in FEM-PrEP and VOICE the levels of drug detection were considered too low to assess efficacy.
Prior to these PrEP studies, concerns were raised about behavioral risk compensation (ie, individuals engaging in riskier behavior if they thought they were protected); however, this was not noted in these initial PrEP studies. Tenofovir has been known to be associated with renal insufficiency, but creatinine elevations were uncommon and were reversible when medication was discontinued. However, it should be noted that individuals had to have normal renal function to participate in the studies; therefore, the effects of chemoprophylaxis on those who do not have normal renal function are not yet understood. The only clinical finding that was statistically significant, albeit not clinically significant, at 18 months, was a trend toward decreased bone density as measured by dual-energy X-ray absorptiometry scans. Studies are ongoing to assess whether this <1% overall decrease in bone in those randomized to tenofovir-emtricitabine continued to progress or tended to plateau, as has been the case among HIVinfected individuals on chronic tenofovir for treatment. Concerns have also been raised about the selection for, and transmission of, HIV drug-resistant strains. This was extremely uncommon in all of the thousands of person-years of follow-up in the initial chemoprophylaxis studies, but it is important to note that individuals were screened for HIV prior to starting the trials and were monitored quite frequently, generally on a monthly basis. Of individuals who developed resistant virus in the course of the study, almost all were in the process of seroconversion when they initially enrolled in the study-that is, because they were viremic with high concentrations of HIV, resistance was selected. However, the resistant strains in most cases had a 184V mutation, which would make the virus resistant to emtricitabine or lamivudine, but at the same time the virus would be less fit and less able to readily replicate, and possibly less likely to be transmitted to other partners. However, it is important to note that all these studies were efficacy trials that involved very careful follow-up and assessment of highly motivated participants. Thus, the open-label demonstration projects that have recently gotten under way are necessary to assess the full impact of PrEP in community settings outside of the controlled conditions of clinical trials.
Because of the lack of efficacy of chemoprophylaxis seen in the VOICE and the FEM-PrEP studies, some have raised the question about whether chemoprophylaxis for at-risk people is a tenable strategy; that is, will people who might benefit be sufficiently adherent to justify wide deployment of a relatively expensive prevention strategy? It should be noted that there are subsets of individuals who have demonstrated high levels of adherence and that modest interventions may be able to have a particularly salutary effect on subsequent adherence. For example, in the Partners PrEP study, there was an adherence substudy intervention among >1000 couples in Uganda that included enhanced contact if pill use dropped below 80%, including unannounced home visits and pill-use measurements by the Medication Event Monitoring System, which could record the times that the pill bottle was opened. Among the individuals in the substudy, no one randomized to tenofovir-emtricitabine became infected with HIV [18] . It may be feasible to train clinicians in optimal ways to identify individuals who may be more likely to be nonadherent. Individuals who were younger were less adherent in several of the trials, so that future interventions may be needed to be tailored for at-risk youth [19] . Additionally, individuals who had not engaged in recent unprotected anal intercourse were less likely to be adherent, suggesting that high-risk individuals may titrate their adherence to their ongoing HIV risk-taking behavior.
PrEP in the Real World
Now that PrEP has been shown to be effective in several different clinical trials, multiple real-world considerations are important to optimize its implementation. At the individual level, some people may perceive certain advantages, particularly if they do not like to use condoms, whereas there may be other challenges. Key questions remain: How to prioritize the populations who might benefit from PrEP [20, 21] ? What are the key messages and how to best disseminate them? How to optimize adherence? How to decrease sexual risk taking while individuals are on PrEP? There are also operational issues related to longterm safety, optimal testing strategies, how to best deliver PrEP, and how to optimize cost-effectiveness [22] . At the present time, there are >20 000 individuals slated for enrollment in PrEP demonstration projects that involve provision of open-label medication and monitoring individuals for potential clinical toxicities, risk compensation, and acquisition of resistant virus. Several of these demonstration projects have been quite successful in enrolling clients to date and have demonstrated that there is some interest in PrEP that is increasing among some at-risk persons, particularly MSM in the developed world, although knowledge about PrEP remains limited [23] .
How to Improve PrEP?
There are multiple studies now under way to optimize the provision of PrEP, including addressing issues such as how infrequently can chemoprophylaxis be given so that individuals are less likely to have side effects; this may lead to cost savings and may be associated with improved adherence. The ADAPT study (HPTN 067) is looking at at-risk MSM in the United States and Thailand, and at-risk women in South Africa, and attempting to assess if adherence is better with pericoital dosing or whether fixed-event dosing (eg, on Friday and Monday for individuals who engage in high-risk behavior over the weekend) is preferable [24] . The iPergay study being conducted in France, Germany, and Quebec is enrolling high-risk MSM as a placebocontrolled study of peri-event dosing of chemoprophylaxis [25] . Other approaches for chemoprophylaxis are also being studied, such as the use of rectal microbicides (MTN017) and intravaginal rings (the RING and the ASPIRE studies; MTN020) [26] . Other approaches to provision of chemoprophylaxis include the use of injections with antiretrovirals. Rilpivirine (a nonnucleoside reverse transcriptase agent), and a new integrase inhibitor, GSK744, are each being studied for use as injectable PrEP, which might be administered as infrequently as quarterly [27] .
Other approaches to optimize PrEP are focusing on adherence with studies that are trying the use of text messaging and other electronic interfaces through social media to improve medication adherence. The impetus for the use of electronic contact with participants to optimize adherence is based on work in East Africa with HIV-infected patients [28] . Work is also under way to determine the optimal ways to enhance PrEP acceptability and adherence, by attending to the social and cultural context of specific populations who might benefit from PrEP. For example, HPTN 073 is a demonstration project in 3 US centers focusing on African-American men who have sex with men and trying to develop a culturally appropriate intervention involving engagement of peers to help motivate engagement in care, addressing unmet common social needs [29, 30] . Studies focusing on adolescents are also under way: ATN 110 and 113 are studies in the Adolescent Trials Network that are offering open-label chemoprophylaxis to high-risk youth aged 15-22 years, and are evaluating the added benefit of either an evidence-based individualized behavioral intervention or a group intervention, based on the recognition that individualized attention or peer support might be particularly helpful to enhance medication adherence in high-risk youth [31] .
Assessment of PrEP Effectiveness
Although the Food and Drug Administration approved the use of tenofovir-emtricitabine for chemoprophylaxis 2 years ago, uptake has been limited [32] . This may reflect the diffusion of innovations theory, which posits that with any new technological intervention, there may be a very small group of innovators and early adopters who begin the process of uptake before a new intervention becomes normative; time may be necessary for full uptake [33] . For example, zidovudine was demonstrated to be beneficial to prevent mother-to-child transmission of HIV by 1994; however, full uptake of prenatal HIV testing and antiretroviral chemoprophylaxis took at least 5 more years [34] . Although surveys of at-risk populations suggest that knowledge of PrEP remains quite low and that utilization is comparably low, many individuals indicate that they might be interested in PrEP if they were provided the sufficient information [23] . Another challenge to wider uptake of PrEP is the hesitancy of many medical providers to prescribe chemoprophylaxis. For example, a survey of Massachusetts physicians after the release of the CAPRISA-004 data indicated that the majority had heard of the study, and some knew that PrEP studies were under way, but the majority had concerns about risk compensation, transmission of drug resistance, and cost [35] . The initial reluctance of many providers to prescribe PrEP may be overcome by the development of medical education materials that assist providers in identifying those patients who are most likely to benefit from PrEP and through conversations with peers who have had experience in prescribing PrEP [36] . A recent study of PrEP use in the United States [36] involved a pharmacy record review of 55% of US pharmacies and found that between January 2011 and March 2013, <1800 patients were prescribed PrEP, but that utilization was increasing, particularly women. Prescriptions had been written in 49 US states and 700 US cities, with the largest number of prescriptions being written for individuals in the South. Only a little more than a third of the providers who prescribed PrEP also prescribed highly active antiretroviral therapy, presumably reflecting that the majority of PrEP prescribers in this series were not providing primary care for people living with HIV. These data did not evaluate individuals in clinical trials and demonstration projects, where drug would be provided outside of a pharmacy, but were informative nonetheless. Other recent studies also indicate that limited uptake of PrEP among MSM reflects limited awareness in use but high levels of potential interest [37] .
CONCLUSIONS
As of the end of 2013, the proof of concept that PrEP can decrease HIV incidence in diverse populations has been fully established. However, many scientific and implementation questions remain. Over the next few years, it will be critical to develop and test interventions to optimize PrEP delivery by prioritizing the ways in which there will be population impact, with increased appropriate uptake and the development of tools to support PrEP users to enhance their adherence and decrease risk reduction. It is also important that programs be developed to support potential PrEP providers to be able to more readily identify individuals who will most benefit from PrEP, to provide skills to providers that enable them to enhance patient adherence and to decrease risk behavior, and to assist them and PrEP users to make appropriate decisions regarding when to start and stop PrEP. These further developments will entail optimal use of new technology to sustain scalability and sustainability. At the same time, new clinical studies may suggest more parsimonious ways to use tenofovir-emtricitabine (eg, intermittent or episodic), or may support the use of other antiretroviral agents for PrEP such as maraviroc, nevirapine, rilpivirine, or newer integrase inhibitors, and may also support the use of different delivery systems including topical gels, vaginal rings, and injectable agents.
Some writers have voiced concerns that the cost of PrEP is sufficiently high, >$10 000/year for medication per person alone in the developed world and >$100/person in the developing world, that this is not a sustainable way to halt the spread of HIV. However, by identifying the individuals who might be most likely to become HIV infected, and by determining how to use PrEP for discrete periods of time during periods of greatest risk, the resources used for PrEP in the short term may prevent new cases of HIV in the longer term. The judicious use of PrEP, and further developments in the science, coupled with wider expansion of HIV testing, engagement in care, early initiation of treatment, and support for medication adherence for those living with HIV, may have a substantial impact in decreasing the >2 million new HIV infections per year that are anticipated in the near future. Figure 1 . PrEP works, but adherence is critical. Abbreviations: FTC, emtricitabine; N/A, not applicable; PrEP, preexposure prophylaxis; TDF, tenofovir.
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